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INTRODUCTION 
Model testing has played an important part in the development 
of the state-of-the-art of rotary wing aircraft. Some of the primary 
problems have involved the size and cost of transducers, the sensitivity, 
accuracy and repeatability of data acquisition systems, and the degree 
to which free air conditions could be approximated in the confinement 
of the laboratory. Significant advances have been made in recent 
years in the area of instrumentation but apparently little has been 
done to quantitatively assess the interference effects between the 
model and its surroundings. Thus, it has been a generally accepted 
practice for hovering flight tests to allow several rotor diameters of 
clearance in all directions and to assume that essentially free air 
conditions are met. This is not economical in regard to space 
utilization and may require small models which are not compatible with 
the available transducers. 
There are several important rotor flow phenomena which have 
not been adequately modeled or described. These include: the geometry 
and strength distribution of the vortex wake, the detailed structure of 
the concentrated trailing tip vortex, vortex/blade interaction, blade 
tip loss, the effect of tip shape on tip loss and on the structure of 
the tip vortex, and the formation mechanism of the trailing vortex 
system. There are little data available on these complex flows except 
that for the geometry of the tip vortex. Thus, there is little informa-
tion to guide the development of theoretical analyses or to evaluate 
the accuracy of their results. 
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Although ideal conditions rarely occur in the field due to 
atmospheric disturbances and ground-based interference effects, it is 
an essential first step in obtaining useful data in the above areas 
to simulate ideal conditions as nearly as possible in the laboratory. 
This will promote accuracy and repeatability, will eliminate the 
complicating factor of random time dependency, and will retain the 
effects which must be incorporated in the theory. 
The objective, then, of this investigation was to design, 
construct, and validate a model hovering flight test facility which 
would closely simulate free still-air conditions in a relatively small 
confined space. Thus for a given laboratory space, such a facility 
would permit the testing of larger models which would be more 
compatible with available instrumentation and provide a precisely 
controlled environment for accurately measuring the details of important 
flow phenomena. This report briefly describes the facility and 
summarizes the results of the study to date. 
SUMMARY OF RESULTS  
A series of model airplane propellers ranging in diameter from 
seven inches to fourteen inches was tested in a large room and the 
results were compared with those obtained from tests within a closed 
chamber 27 in. by 27 in. by 62 in. Sixteen different internal 
configurations were investigated including square and octagonal cross-
sections and with various combinations of screens, honeycomb, and flow 
dividers. Rotor thrust and pitching moment were measured by strain 
gages. It was found that the thrust was reduced by as much as 25 
per cent below the free-air value with aperiodic variations of up to 
eight per cent of the mean value. The pitching moment was aperiodic 
about zero with an amplitude of as much as eight per cent of the 
product of the corresponding thrust and blade radius. It was found 
that a honeycomb placed about one diameter downstream of the propeller 
disk and having a hole large enough to pass the contracted wake 
resulted in a thrust of about 99 per cent of the free-air value for 
all propellers. The pitching moment was eliminated entirely. The 
tests with the honeycomb were repeated three separate times and the 
same results were obtained. In addition, flow visualization studies 
were conducted using both smoke and a tuft grid. The results showed 
qualitatively that the greatest part of the turbulence was removed 
from the flow upstream of the honeycomb. 
Based on these results, a model rotor test facility was designed 
and constructed. The test chamber's inside dimensions are 9 ft. by 
9 ft. by 21 ft. The hexagonal honeycomb is constructed of impregnated 
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paper and has a nominal cell size of 1/2 in. by 5 in. The honeycomb 
completely fills a cross-section of the chamber except for a circular 
cut-out which is centered on the drive shaft axis and has a diameter 
of 42 inches. Its location can be varied from one radius to one 
diameter below the rotor disk plane. Its dimensions and location were 
established by the model propeller tests. The thrust stand is powered 
by a 15 horsepower, variable speed motor. The rotor shaft has a speed 
range of 0 to 5000 RPM. Maximum design thrust is 150 pounds. A 52-
component mercury-slip-ring assembly is used in the data acquisition 
circuits. The shaft speed is manually controlled and can be held 
easily within one RPM. The shaft bearing nearest the rotor hub is oil 
cooled. 
The rotor hub is centered on the shaft and supported by two sets 
of wire flexures, eight wires to the set and equally spaced around the 
circumference. Thrust and torque are measured by strain gage beams in 
the rotating system at the rotor hub. The beams are rated for 20 
pounds and 70 inch-pounds respectively. Static calibration indicated 
some interaction but this could be accounted for satisfactorily in a 
linear manner. Static check loadings indicated an accuracy within 
0.4% of full scale for thrust and 0.1% of full scale for torque which 
depended upon the loading combination. The running tares (no blade) 
repeated within 0.01 pounds and 0.02 foot-pounds over a range of 400-
1600 RPM. With the blade installed and at zero thrust, the thrust 
tare and the gross torque reading repeated to the same degree. The 
data is digitalized, stored in a small digital computer, reduced to 
thrust, torque, and coefficient form, and then printed out. Power 
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spectra of the effect of turbulence on rotor performance are obtained 
by a Fourier digital processor. 
The model blade is constructed of steel and magnesium and is 
mass balanced near the one-quarter chord station. The rotor has the 
following geometric characteristics: number of blades - one; radius -
24 inches; chord - 5 inches; solidity - 0.0663; airfoil section - 
NACA 0012; and maximum tip speed - 420 feet per second (2000 RPM). These 
dimensions were based on the results of the model airplane propeller 
tests and the sizes of the available subminiature and ultraminiature 
pressure transducers which are to be installed for later tests. Blade 
pitch angle is set by the use of a micrometer and is repeatable within 
0.02° . 
Tests have been run over a speed range of 400 - 2000 RPM for 
blade collective pitch angles of 0° to 12° . The Reynolds number range 
at the three-quarter radius station was 0.167 x 10
6 
to 0.855 x 10
6
. 
Minimum profile drag coefficients have been determined from the torque 
data for zero thrust and the results compare well with two-dimensional 
airfoil data. 
The flow in the test chamber without the honeycomb installed was 
qualitatively the same as that in the one-quarter scale facility. There 
was a considerable amount of turbulence whose primary effect at the rotor 
plane was gust-like. Thus the thrust was unsteady and its time history 
had an unsteady component whose amplitude was about 7% of the mean value 
with a period of 2 to 3 seconds. Both amplitude and period varied with 
time. Preliminary power spectra of the thrust time histories indicated 
low levels at frequencies above five Hertz with the main effects 
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appearing below two Hertz. Flow visualization studies of the tip vortex 
location near the rotor plane showed a radial variation of several 
inches during this same period. A variation in noise level was easily 
detected aurally. 
The mean values of the thrust and torque were determined by an 
averaging process. The maximum scatter in the data for successive 
and repeat runs was ± 3.5% and ± 1% respectively of the mean values. 
This occurred in the middle of the range of collective pitch angles 
covered. The magnitude of the scatter, however, increased with 
increasing levels of thrust. This is due to the increased level of 
turbulence in the test chamber without the honeycomb. 
Several tests were run with the honeycomb installed in a plane 
about one rotor radius below and parallel to the rotor plane. The 
mean values of the thrust were essentially the same as before while the 
mean values of the torque were slightly less. The scatter in the data 
was about half that previously measured. The variation in noise level 
was less easily detected aurally. 
It was realized from the beginning that it would not be feasible 
to test the model rotor in a large space to obtain the free-air values 
of the thrust and torque for comparison with the values obtained in the 
test chamber. This was not considered to be a problem since it has been 
shown (Ref. 1) that the hovering performance can be accurately calculated 
using the vortex wake analysis and the measured tip vortex geometry. The 
required data has been measured for a single-bladed rotor that was tested 
in a large room (Ref. 2 and 3). A calculation was performed using strip 
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theory, a prescribed wake geometry, the minimum drag coefficients as 
determined from the tests, and two-dimensional airfoil characteristics 
from the literature for the local Reynolds number. For a thrust 
coefficient of 0.00280, the computed torque coefficient was very close 
to that measured in both cases while the computed blade pitch angle was 
0.2° less than that measured. Thus, it appears that the model rotor 
did not experience a loss of thrust when tested in the confined space 
as distinct from the loss experienced by the model airplane propellers. 
This may be a scale effect, may be due to the different radial 
aerodynamic loadings in the two cases, or may be due to some other 
effect. However, the unsteady thrust components and the turbulence in 
the chamber were qualitatively similar to the two cases. 
The propeller tests had shown that the honeycomb should be 
located about one rotor diameter below the rotor plane. Just prior to 
moving the honeycomb to this location, several flexures in the hub 
support system failed. While the replacement of these components is 
a relatively minor matter, machine shop time will be required and 
some delay will occur before the work can be done. In addition, some 
preliminary rotor flutter studies had been scheduled for the facility. 
It is therefore expected that about four to six weeks will elapse 
before testing will resume. 
The results to date have been very encouraging. Since the work 
is to be continued under a new grant, a technical report will be prepared 
after the testing is complete. 
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